This paper describes early experience with the implementation of a Digico Micro 16P computer system for data handling in the Department of Chemical Pathology, King's College Hospital Group.
A preliminary account has been published elsewhere (Gray and Walter, 1971) . The 3 Speed of response is essential since the system must produce feedback within the laboratory to aid the control of both manual and automatic methodology.
4 The system must facilitate data evaluation, eg, quality control. 5 Computer systems should not produce excessive amounts of marginally useful data.
THE EQUIPMENT
The Micro 16P computer was installed in January 1972 and replaced a Micro 16S. The computer does not have an executive or operating system which would simplify real-time programming. The initial system had only 8K of core memory to which 4K was added to meet later developments.
The CDC 9421 dual disk drive unit can hold about 8000 different patients' records at any one time. The mean average access time (160 msec) has become a rate-limiting factor. Due to the heavy mechanical work required of it, this unit has required the most maintenance.
The Normalair-Garrett trace reader consists of a metal baseplate (40 cm x 35 cm) across which is applied a potential difference of 1 volt. Electrical contact must be made through the chart paper with the baseplate using a metal probe The most serious modification necessary has been the reduction in the variety of tests handled by the computer. The computer now handles SMA 12/60 and 6/60 analyses, urine profile (Hirst and Howorth, 1974) , electrophoresis quantitation, enzyme profile, thyroid function, and creatinine clearance results. Experience quickly showed the need for additional terminals as well as staff if all results of manual tests were to be input by teletype. All other work (about 1000 of our throughput) is not introduced into the computer system and is dealt with by other methods.
Clinical Acceptance
Changes in laboratory techniques which have encouraged the use of electronic data handling equipment are the development of systems for multiple analysis and the recognition of the usefulness of cumulative reports to both the clinician at the bedside and the clinical chemist in the laboratory. The doctor can rapidly assess sequential changes and the clinical chemist finds it easier to detect gross errors in the laboratory. Abernethy, Bentley, Gartelmann, Gray, Owen, and Quan Sing (1970) , was designed to be operated by laboratory staff with a minimum of training in computer techniques.
The initial approach of using a trace reader to input AutoAnalyzer I peak results into the computer enabled the main features of the system, such as peripheral printout of cumulative reports, to be developed before consideration of the difficult technical problems of full on-line working of Technicon SMA machines. However, the initial experiment was completed when the trace reader reached its work load capacity. This occurred in advance of the possibility of introducing on-line working, owing to the continuing rise in laboratory work of about 20 % per annum, which has led to the present daily number of probes on the trace reader of about 5000. However, work loads exceeding 2000 probes undoubtedly require on-line working.
The key to success of the system was the use of the disk as (1) a spooling device, (2) rapid access data store, (3) a program overlay store.
Spooling is a function which could have been performed in core, but would take up too much core store, when, for example, assembling a worksheet ready for printing out. When the spooling is diskbased, the job can be assembled in core, then written onto the disk spooling track, awaiting teletype time for output while another job is being processed by the CPU. The advantage of disk over magnetic tape for this purpose is that several jobs can be held and printed out simultaneously on different teletypes, because the access time is much faster than magnetic tape.
This disk has proved very efficient as a rapid access data store (1) for obtaining results quickly in response to telephone queries (not possible with magnetic tape); (2) for speeding up patient data input, which is one of the largest data handling problems in pathology laboratory systems.
Use of the disk as a program overlay store to supplement the 8K core led to considerable improvement in the versatility and general usefulness of the system. The resulting availability of all software functions in real-time with rapid access (not possible with magnetic tapes) was one of the main reasons for the general acceptability of the system. However, this approach was responsible for the limited speed of the system; we would recommend that all major functions such as the patient input and report generator, should be core-based, while those used only occasionally, eg, statistics, housekeeping, should be disk based.
The major problems in designing a pathology laboratory system are (1) defining the job that the computer will do; (2) designing a system with all the flexibility of a non-computerized laboratory; (3) choice of computer. The second problem is the most difficult, and it is in this area that we have concentrated, and, we feel, have made considerable progress. Comparisons with magnetic-tape-based systems, such as the Elliott 903, show that while a disk-based system has the disadvantage of limitation of longterm storage of patients' records, this is outweighed by the speed of response enabling (1) worksheets to be printed on demand, so that analyses of specimens is not delayed by the computer; (2) patient's results to be printed on demand, which greatly reduces the time spent on telephone queries; (3) conversational mode of data input and interrogation. This facility has greatly reduced the time spent on patient data input, and will be considerably extended in the next phase of our system. The lessons learned with the system are comparable with those provided by earlier British chemical pathology systems (Flynn, 1969) , some of which have used more sophisticated equipment than was made available to us. Our major constraint in the selection of hardware was that of money. We would agree with Whitby and Simpson (1973) that some decisions were made too early and with too arbitrary a financial ceiling. We were also allowed to make the same serious error initially of not having laboratorybased program writing, but this was corrected in 1971. Again the 'expanded' 1971 system with 12K core is less than the 16-32K now recognized as the minimum compatible with programming efficiency (Whitby and Simpson, 1973) . The major dependence of our system on system overlays on the disk allowed a certain measure of flexibility so that some in-house revision of the system was possible, but the need for 'clear and concise documentation' was again not fully appreciated and has led to delays in amending programs.
An important aspect of using computers in pathology laboratories is that they should be economic as assessed by cost-benefit analysis (Review for the National Health Service, 1971 , Using Computers to Improve Health Services). The Department of Health and Social Security carried out studies in our laboratory as part of a costbenefit analysis by timing work operations, specimen analysis time, and report distribution time at various stages of the experiment. For various reasons this study was never completed.
The system established at King's College Hospital has certainly reduced clerical work and errors. The production of reports is faster, especially at the peripheral hospitals, due to the immediate teletype output. Like the Elliott A but not the B systems, we were able to produce limited computer-prepared cumulative reports. These make detection of gross errors much easier and the presentation of results is more compact and accessible to the clinician. The system has insufficient core for sophisticated statistical routines but the daily mean and standard deviation are a great help in setting up Cusum charts and for quality control purposes.
